ABSTRACT
INTRODUCTION
Improvement in sheep production systems, resulting in low fat carcasses, has stimulated demand for lamb meat. However, the diversity of breeds used in current production systems has resulted in large differences between carcass types (CUNHA et al., 2000) , increasing difficulties in offering a standardized product. Carcass traits are affected by slaughter weight (PÉREZ et al., 2007) and mature size (LAMBE et al., 2007) . Therefore, optimal slaughter weight is specific for each genotype, and its determination can help in obtaining carcasses of similar characteristics.
The Texel breed is popular as a terminal sire (LAMBE et al., 2007) and usually has been crossed with other breeds as it presents leaner carcass and higher lean to bone and lean to fat ratios when compared to other breeds (JONES et al., 2002) . Texel x Ile de France crossing has been widely diffused to produce lambs with higher growth rates (PIRES et al., 2006) . Nevertheless, the optimal slaughter weight for this genotype is not known.
The aim of this study was to evaluate changes in carcass traits according to slaughter weight Ciência Rural, v.38, n.6, set, 2008. and to determine an ideal slaughter weight for feedlot Texel x Ile de France crossbred lambs.
MATERIAL AND METHODS
The experiment was carried out from September to December 2006, in the Sheep Division of the Universidade Federal de Santa Maria (UFSM), located in Santa Maria (29°43'S, 53°42'W, 95 m a.s.l.), RS, Brazil.
Twenty Texel x Ile de France crossbred noncastrated male lambs, weaned at 42 days of age (15.9 ± 2.1kg live weight (LW)) were used. Lambs were separated from their dams, treated for internal parasites, and placed in individual stalls (1.5m 2 ) equipped with feeders and water ad libitum. After ten days of management and diet adaptation five lambs were randomly chosen, weighed and slaughtered (slaughter after weaning group -SW). Remaining animals were then randomly assigned to one of three slaughter weights: 25 (S25), 30 (S30) or 35 (S35) kg live weight.
Diet was composed of sorghum silage (Sorghum bicolor (L.) Moench) and a concentrate mix (ground corn, soybean meal, calcium carbonate and salt), and formulated according to NRC (1985) recommendations to provide a daily LW gain of 200g animal -1 . Animals were fed ad libitum twice daily at 08:00 and 16:00h. Roughage and concentrate were weighed individually and mixed immediately before feeding. The feed was adjusted daily to ensure 10% refusal. Chemical analyses of the diet were performed according to AOAC (1995) and ROBERTSON & VAN SOEST (1981) . Diet formulation and chemical composition of roughage, concentrate and total mixed ration (TMR) are shown in table 1.
Lambs were slaughtered after a 16-hour fasting period. Before slaughter animals were electrically stunned. The head was separated from the carcass at the atlanto-occipital joint; forelegs were split by cutting between the carpus and metacarpus, and the hind legs cut between the tarsus and metatarsus. Carcasses were weighed (hot weight), chilled at 2°C for 24 hours and reweighed (cold weight). The gastrointestinal content was estimated as the difference between full and empty gastrointestinal tract weight, and the empty body weight by difference between slaughter weight and gastrointestinal content. Commercial dressing percentage (hot carcass weight/ slaughter weight), real dressing percentage (hot carcass weight/empty body weight), and cooling loss index ([hot carcass weight -cold carcass weight]/hot carcass weight) were calculated. Chilled carcasses were split in the dorsal midline and cut between 12 th and 13 th ribs to estimate subcutaneous fat thickness. The righthalf carcass was divided into shoulder, neck, rib and leg according to OSÓRIO et al. (1998) . Individual cuts were then dissected into muscle, bone and total fat contents. Data were analyzed as a fully randomized design by regression analysis that included linear and quadratic effects, taking observed slaughter weight as an independent variable. Comparison of the tissue composition among individual cuts, within each slaughter group, was carried out using the Tukey test. Some correlation coefficients were obtained. All statistical procedures were performed at a 5% significance level using the Statistical Analysis System (SAS, 2004) 
RESULTS AND DISCUSSION
Fixed slaughter weights were reached at 52, 87, 106 and 117 days of age for SW, S25, S30 and S35, respectively. Results of the main carcass characteristics are presented in table 2. Cooling loss index was not affected (P>0.05) but hot and cold carcass weights, as well as real dressing percentage increased linearly with increased slaughter weight (P≤0.01). Commercial dressing percentage and subcutaneous fat thickness, however, were related quadratically (P<0.001) to slaughter weight, being highest for lambs slaughtered after weaning (SW).
Commercial dressing percentage has been shown to be related with digestive tract content, and carcass fatness, which are affected by slaughter weight Ciência Rural, v.38, n.6, set, 2008. (OWENS et al., 1995; KREMER et al., 2004) . In the present study the correlation coefficient (r) between commercial dressing percentage and gastrointestinal content (12.33, 19.29, 19 .20 and 18.52%, respectively for SW, S25, S30 and S35) was -0.87. Low gastrointestinal content for SW can be related to lack of rumen development and, consequently, to low intake of a solid diet (PIRES et al., 2000; KREMER et al., 2004) . Otherwise, commercial dressing percentage increases as slaughter weight increases and it is related to high rate of fat deposition at maturity (ROSA et al., 2005) . REID & ROBB (1971) speculated that accumulation of fat reduces the volume available for the digestive tract and, consequently, would decrease feed intake and gastrointestinal content. In fact, more recent studies have suggested that feed intake decreases as fat accretion, but it is due to higher leptin secretion by adipose tissue (INGVARTSEN & BOISCLAIR, 2001; EHRHARDT et al., 2003) . However, in our study different feed intake among the groups evaluated was not verified (P>0.05), suggesting that highest fat deposition at more elevated slaughter weights, as indicated by increased subcutaneous fat thickness, is the mainly characteristic determining the commercial dressing percentage.
Real dressing percentage, as opposed to commercial dressing percentage, was not affected by gastrointestinal content (r=0.09; P=0.71) and increased with slaughter weight. This maybe due to the rate of carcass growth being higher than the rate of viscera growth (PIRES et al., 2000; VELASCO et al., 2000) .
The cooling loss index, which represents the weight loss due water losses during carcass refrigeration (PIRES et al., 2006) , is inversely related to subcutaneous fatness (CAÑEQUE et al., 2004) . However, in our study, the highest subcutaneous fat thickness observed in lambs slaughtered at higher weights did not affect cooling losses, suggesting that approximately 0.7mm of subcutaneous fat thickness is sufficient to protect lamb carcasses from water losses during cool storage. Results of this study are consistent with those reported by HUIDOBRO & CAÑEQUE (1993a) and PIRES et al. (2006) .
Weights of all cuts increased with slaughter weight (P<0.001) (Table 3) . Otherwise, the proportion of shoulder decreased linearly (P<0.001), whereas the proportions of the remaining cuts were not affected by slaughter weight. Proportion of individual cuts has been shown to be related with slaughter weight due to variation in muscle, bone and, mainly, fat tissue contents (SILVA et al., 2000b) . In contrast with our results, HUIDOBRO & CAÑEQUE (1993b) reported that leg and shoulder proportions in Manchega lambs decreased and rib proportion increased with slaughter weight. SILVA et al. (2000b) reported increases only in rib proportion in Texel x Polwarth crossbred lambs, reaffirming the late maturity of the rib (OSÓRIO et al., 1997) related to fatness increase. Nevertheless, genotypes evaluated by those authors present higher proportion of fat in the carcass, when compared to breeds used in the present study, which has high capacity for meat production (PÉREZ et al., 1993; JONES et al., 2002) . Leg, a high quality cut (DÍAZ et al., 2002) , represented the largest of all individual cuts. According to HUIDOBRO & CAÑEQUE (1993b) , the proportions of the cuts can be utilized to establish the - commercial value of the carcass. Therefore, the non significant effect of slaughter weight on the leg proportions may indicate a same valorization for all carcass types described in this study. However, the increased rib fat (13.7 to 24.7%) observed is a depreciative characteristic of the carcass (HUIDOBRO & CAÑEQUE, 1993b) . The contents of muscle, bone and fat, as well as fat proportion of the carcass increased while muscle and bone proportions decreased linearly with increased slaughter weight (P<0.001) ( Table 4) . Similar results were reported by VELASCO et al. (2000) , DÍAZ et al. (2006) and PIRES et al. (2006) . In our study, muscle proportions were higher than those reported by CUNHA et al. (2001) and PÉREZ et al. (2007) who evaluated carcass characteristics of other genotypes (Suffolk, Merino Precoz Aleman, Suffolk x Corriedale and Suffolk x Merino Precoz Aleman). In addition, total fat proportion of the carcass was positively correlated with subcutaneous fat thickness (r=0.84). Table 5 shows the mean values of muscle, bone and fat proportions in individual cuts, at the different slaughter weights. All cuts presented a linear increase in fat, whereas bone proportions decreased linearly with increased slaughter weight (P<0.001). Muscle proportions decreased in the rib and neck (P<0.001), but tehy were not affected by slaughter weight in leg and shoulder. The muscle proportion was highest for the leg (70.3%), followed by shoulder (65.2%) and rib (61.3%). Neck (24.4%) and rib (20%) presented the highest proportions of fat, while leg showed the lowest one proportion. Bone proportions were consistent among cuts. Rib and neck presented the greatest fat Table 3 -Means for weights and proportions of individual cuts according to slaughter weight for crossbred Texel x Ile de France lambs. a Groups: SW -slaughter after weaning; S25 -slaughter at 25kg LW; S30 -slaughter at 30kg LW; S35 -slaughter at 35kg LW; (LW -live weight). b Standard error of the means. c Probability of either linear (L) or quadratic (Q) effect, where: ns -non significant, **P<0.01 and ***P<0.001. Table 4 -Means for weights and proportions of muscle, bone and fat in the carcass according to slaughter weight for crossbred Texel x Ile de France lambs. deposition with increased slaughter weight (80.7 and 79.4%, respectively). Estimated regression equations for carcass muscle, bone and total fat proportions, as a function of slaughter weight, are presented in figure 1. According to OSÓRIO (1992) , better carcasses present higher muscle and lower bone proportions, and fat content should be just enough to protect the carcass during refrigeration and for maintenance of the sensory characteristics of the meat. In this sense, for Ile de France x Corriedale crossbred lambs, SIQUEIRA et al. (2001) recommended slaughter weight at 28kg, when muscle, bone and fat proportions were about 60, 18 and 16%, respectively. Similar proportions were obtained in this study, using regression equations, if lambs are slaughtered also at 28 kg live weight (64.7, 18.6 and 16.6%, respectively for muscle, bone and fat proportions). Moreover, at this weight, rib fat content (20.4%) can be considered acceptable and not depreciative for the carcass (SILVA et al., 2000a) . The high muscle proportion observed in our study is a characteristic of Texel crossbred lambs (JONES et al., 2002) .
-----------------Groups a ---------------------P-value
Slaughter of lambs at lesser weights is not common in Brazil. However, it could represent an alternative for business opportunities such as those that occur, for example, in the European Union, mainly in the metropolitan regions, where the organoleptic qualities and low fat composition of that meat (DÍAZ et al., 2006) , which is associated to human health, are highly appreciated.
CONCLUSIONS
Carcass traits are greatly modified by slaughter weight. Muscle and bone proportions in the carcass decreased, and total fat increased with slaughter weight. Individual cuts present different compositions; the rib is the cut with the highest fat deposition. Slaughter of feedlot Texel x Ile de France crossbred lambs can be recommended at 28kg live weight.
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